Three different types of fluorescence detection methods were employed to monitor amplification of a previously established isothermal cooperatively coupled amplification system as it can serve as a tool for the investigation of fundamental issues in evolutionary optimization. By using 5′IRD-41 fluorescent labeled primers, the intercalating dye TOPRO-1 and a 5′fluorescin/3′DABCYL 4-(4-dimethylamino-phenylazo)benzoic acid labeled ss 24 nt DNA, evolving molecular cooperation is accessible, sequence specifically as well as non-sequence-specifically without using radioactivity.
Isothermal amplification is not externally synchronized so that individual templates can be amplified with specific rates, making them suitable to set up in vitro systems which address evolutionary issues and this provides a major advantage over PCR. The investigation of such systems on a laboratory time scale requires methods which give on-line access to the most important parameters of the system as well as time saving methods which allow monitoring amplification in molecular detail. The self-sustained sequence replication reaction (3SR, 1) or nucleic acid sequencebased amplification (NASBA, 2) has recently been used to set up a cooperatively coupled in vitro amplification system (CATCH, 3) which is dedicated to the investigation of fundamental issues of the evolution of cooperation in vitro. Three different types of fluorescence detection methods were employed to monitor amplification of the CATCH system (Fig. 1) .
5′IRD-41 fluorescent labeled primers in an off-line structural analysis in a DNA sequencer. The course of amplification of the CATCH system can be followed in molecular detail by inclusion of labeled primers (3) . In this approach 5′IRD-41 labeled P1 or P2 (MWG-Biotech, Ebersberg) were added to the amplification reaction allowing an analysis of the product pattern of the amplification after gel electrophoresis on a Li-COR 4000 sequencing system (Fig. 1) . The 3SR reactions contained 40 mM Tris-HCl pH 8,0, 5 mM KCl, 30 mM MgCl 2 , 1 mM of each dNTP, 1 nM ds 120 DNA (5′-CCTCTGCAGACTACTAT-TACATAATACGACTCACTATAGGGATCTGCACGTATTA-GCCTATAGTGAGTCGTATTAATAGGAAACACCAAAGAT-GATATTTCGTCACAGCAAGAATTCAGG-3′), 2 µM P1 (5′-CCTCTGCAGACTACTATTAC-3′) and P2 (5′-CCTGAAT-TCTTGCTGTGACG-3′), 80 nM 5′IRD-41 labeled P1 or P2 (MWG-Biotech, Ebersberg), 5 mM DTT, 2 mM spermidine, 6 U/µl His tagged HIV-1 reverse transcriptase (4), 3 U/µl T7-RNA polymerase and 0.16 U/µl Escherichia coli RNAseH. The reactions were carried out in a 100 µl mix at 42_C. After 1, 2, 3, 4, 5, 10, 15, 20 and 30 min EDTA was added to 10 µl aliquots of the 5′IRD-41-P1 and 5′IRD-41-P2 labeled reaction to a final concentration of 100 mM and the solutions were heated for 5 min at 95_C. The mixtures were desalted on Mobispin S-300 spin columns (Mobitec GmbH, Göttingen) and an equal amount of denaturing formamide buffer was added. Probes were applied on a 0.5 mm denaturing 10% polyacrylamide gel run on the LI-COR-system at 50_C and 1000 V. Reaction products were detected by fluorescence measurement at 785 nm. The resulting scan ( Fig. 1 ) of the polyacrylamide gel electrophoresis analysis shows an increase of the common 120 nt product and the 58 and 82 nt ss DNA products (D1 and D2), which indicates cooperative coupling. Additionally, abortive products of 67 and 43 nt in length were detected which result from a hindrance of reverse transcription by 5′ hybridization of the two RNA species R1 and R2 (3). The origin of the other abortive product bands are unidentified up to now. To allow direct comparison with the experiments described below, 60 nM of the molecular beacon was included in the reaction shown in Figure 1 , which had no significant influence on the course of the reaction.
On-line fluorescence detection of the increase in double-stranded regions using the intercalator TOPRO-1. In a second approach, the non-sequence-specific intercalating dye TOPRO-1 was used to monitor amplification of CATCH. This intercalating dye binds to ds nucleic acid regions (5, 6) . The reactions were run under the conditions described above omitting labeled 5′IRD-41-P1 and 5′IRD-41-P2. TOPRO-1 was added to a final concentration of 0.5 µM. Time scan fluorescence measurements were carried out at an excitation wavelength of 488 nm and at an emission wavelength of 531 nm. Under these conditions, a typical exponential growth curve with saturation was detectable (Fig. 2) . The curve indicates an increase of ds regions in the reaction, The modules are primers (P1 and P2), T7 promoter (Prom), annealing region (DB and DB′) and the stuffer sequence antisense to the molecular beacon structure. Both templates hybridize to each other via DB and DB′ situated at the 3′ end of each template. Reverse transcriptase elongates this hybrid forming a ds 120 nt DNA. T7-RNA polymerase specifies two transcripts (R1 and R2, 58 and 82 nt in length, respectively) starting from two T7 promoters which are situated on either side of DB and are directed towards each other. After hybridization of the two primers P1 and P2 to R1 and R2, reverse transcription and digestion with RNAseH, D1 and D2 are regenerated. (B) The reactions for polyacrylamide gel electrophoresis were carried out as described in the text. Lanes 1-9 were labeled with 5′IRD-41 P1 and lanes 10-18 were labeled with 5′IRD-41 P2. After the indicated times, aliquots were taken and prepared as described above. In all lanes a time dependent increase in concentration of the common 120 nt product is detectable indicating cooperative coupling. Lanes 1-9 and 10-18 show time dependent increases in concentration of D1 (58 nt) and D2 (82 nt), respectively. All lanes show additional abortive products.
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mainly representing the 120 nt ds DNA and ds RNA regions. The method allows one to distinguish the different growth phases of the system, which is a critical parameter for controlling the reaction under continuous flow conditions or in serial dilution experiments. However, no information on the identity of the amplified molecules can be obtained.
Molecular beacon based fluorescence detection of single reaction components.
A third method allows on-line detection and gives access to sequence-specific information at the same time. In the current approach, a molecular beacon structure (7, 8) was directed towards the stuffer sequence in the ss 82 nt DNA (D2), which has no particular function for the CATCH amplification. The beacon, a Figure 2 . Amplification kinetics of the CATCH system with the intercalating dye TOPRO-1 (dashed) and molecular beacon (solid). The reactions were carried out as described in the text. The graphs show a time-scan of the fluorescence intensity during the amplification. Reactions were initiated at time 0 by adding the complete enzyme mixture. After base-line subtraction a linear fit to the taken logarithm versus the incubation time was possible in the TOPRO-1 reaction. This indicates an exponential growth phase. The graph of the molecular beacon labeled reaction shows an increase of the D2 (Fig. 1 ) concentration until ∼1500 s after the initiation followed by a decrease of the D2 concentration to an equilibrium point.
5′fluorescin/3′DABCYL 4-(4-dimethylaminophenylazo)benzoic acid labeled ss 24 nt DNA, under the current reaction conditions forms a stable stem-loop structure with a 6 nt stem region encompassing the 5′ end and the 3′ end of the beacon ss DNA (5′-GCGAGCTAGGAAACACCAAAGATGATATTTG-CTCGC-3′). The covalently linked fluorescent dye and the quencher molecule are thus brought in spatial proximity which prevents emission of fluorescence light. During amplification, molecular beacons hybridize to their newly synthesized D2 targets which results in a fluorogenic conformational change of the beacon structure. Therefore, fluorescence intensity depends on the concentration of a specific target molecule. Under the reaction conditions, the fluorescence signal correlates with the target concentration (data not shown), so that the steady state concentration of this molecule can be determined on-line. Amplification reactions were run under the conditions described above including 60 nM of the beacon but omitting IRD-41 and TOPRO-1 labeling. The time scan was measured at an excitation wavelength of 490 nm and an emission wavelength of 515 nm (Fig. 2) . The curve shows an increase of D2 steady state concentration until ∼1500 s after the initiation, followed by a decrease of the concentration to an equilibrium level. This time corresponds to the beginning of the linear amplification phase in the TOPRO-1 scan, indicating a limitation in the reaction forming D2. No increasing signal is detectable under the same reaction conditions if the stuffer sequence is not antisense to the molecular beacon or the template is omitted (data not shown).
These fluorescence methods provide a complementary set of techniques to monitor amplification reactions which either allow on-line detection or detailed information on the molecular level. The methods are fast, sensitive and inexpensive and, in principle, allow one to follow any reaction of interacting labeled nucleic acids without using radioactive material (9) .
